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Psychotria leiocarpa is an understorey woody shrub native to the forests of southern Brazil, which occurs in groups of relatively high density.
Leaves of field-grown plants contain approximately 2.5% of their dry weight as the N-glycosylated indolic alkaloid N,β-D-glucopyranosyl
vincosamide (GPV). To find out if allelopathy could play a role in the distribution pattern of the species, several assays were performed. Aqueous
extracts of dried powdered leaves at 4% (w/v) collected during the winter of 2004 inhibited the germination and/or early growth of three different
test species. Lactuca sativa plantlets were affected when grown in soil containing dried P. leiocarpa leaves and on plates containing aqueous
extracts of leaves of the same species. Partial chemical characterization of the extract was carried out and an allelopathic effect of the purified
major leaf alkaloid GPV was not observed at the highest concentration tested of 10 ppm. Experiments with different organic extracts and
sequential extractions were also performed. The data suggested that polar phenolic compounds or iridoids are responsible for the phytotoxic effect
observed.
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The genus Psychotria (Rubiaceae) is widespread in Brazil
and contains several species of pharmacological interest
(Elisabetsky et al., 1997). At least 11 species of Psychotria are
native from the state of RioGrande do Sul (Dillenburg and Porto,
1985; Henriques et al., 2004).
Psychotria leiocarpa Cham. & Schlecht is an understorey
woody shrub native of Southern Brazil (from Atlantic Forest
remnants) and occurs in high density groupings; field observa-
tions indicated that individual plantlets are not physically con-
nected to adult individuals, at least usually, as we find in other⁎ Corresponding author. Centro de Biotecnologia (Programa de Pós-
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doi:10.1016/j.sajb.2008.02.006Psychotria species. This pattern, particularly in the context of
species rich assemblages such as those found in Atlantic
Forests, indicates the involvement of a strong competitive force.
As P. leiocarpa seeds often take a long time to germinate –
approximately 3 months under optimal in vitro conditions
(Henriques et al., 2004) – there seem to be explanations other
than fast germination and growth for the successful occupation
of the forest soil by P. leiocarpa. These could be competition
for light and nutrition, orographic factors, asexual propagation
(Dillenburg and Porto, 1985) and/or action of chemical
inhibitors (allelopathic compounds).
The order Rubiales is characterized by the presence of iridoids
and alkaloids of mixed biosynthetic pathway (Judd, 1999).
Tannins are not characteristic of this taxon (Dahlgren, 1980),
although these compounds were found in Psychotria douarrei
(Davis et al., 2001). The genusPsychotria is known as a source of
monoterpene indole alkaloids, and a chemical survey for alkaloids
and iridoids in 15 Brazilian species of Psychotria showed thets reserved.
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et al., 2004). P. leiocarpa presents N,β-D-glucopyranosyl vinco-
samide (GPV), an N-glycosylated indolic alkaloid, as its major
alkaloid, representing up to 2.5% of leaves' dry weight. Moreover,
in the above mentioned chemical survey,P. leiocarpawas the only
Psychotria species shown to accumulate small amounts of the
iridoid glucosides asperuloside and deacetylasperuloside.
Understanding ecological relationships among organisms is
necessary to shed light upon questions such as recuperation of
degraded areas and the pattern of species distribution in relation
to the presence of bioactive molecules. This study examined if
P. leiocarpa is capable of suppressing germination and growth
of other plant species (as the species field arrangement suggests)
and, in addition, aimed at pointing out the types of secondary
metabolites potentially involved in this bioactivity.
2. Material and methods
2.1. Main plant material and extract preparation
Leaves of P. leiocarpa Cham. & Schlecht. were harvested at
the campus of the Federal University of Rio Grande do Sul,
Morro Santana, Porto Alegre, RS, Brazil, in the morning of a
sunny day of June, 2004. A voucher specimen (138157) is
deposited at the ICN herbarium of the Federal University of Rio
Grande do Sul. Leaves were dried under shade, at room
temperature (18–27 °C). After grinding using a mortar and
pestle with liquid nitrogen, aqueous extracts at 4% w/v
(Maraschin-Silva and Áqüila, 2006) were prepared by static
incubation for 24 h in the dark, at 25 °C. Fresh roots, collected in
a sunny day of August, 2006, were placed in distilled water at a
concentration of 10% (w/v) and maintained under the same
conditions as the leaf extract. In both cases, extraction was
followed by pre-filtration with a sieve and filtration through
0.45 µm membranes.
The pH was measured at the beginning and at the end of
germination and growth experiments with Lactuca sativa using
pH indicator paper. Water potential (Ψw) of P. leiocarpa extracts
had been previously estimated by the Chardakov method
(Salisbury and Ross, 1969; Maraschin-Silva and Áqüila, 2006).
Seeds and plantlets of L. sativa were also exposed to solutions
of PEG (polyethylene glycol) 6000 with the same Ψw of
P. leiocarpa extracts (Villela et al., 1991) against controls inTable 1
Phytotoxic effects of aqueous P. leiocarpa extracts on several test species
Species Germination percentage Germination tim
C. speciosa LE:76.7±3.06%B LE: 2.96±0.11b
RE:86.7±2.33%A RE: 2.07±0.22a
W: 93.3±5.33%A W: 2.57±0.13b
L. sativa LE: 77.5±10.5%B LE: 5.87±0.25b
W: 100±0%A W: 1.54±0.32a
M. bimucronata LE: 76.7±25.3%A LE: 2.49±0.86a
RE: 88.3±19.9%A RE: 2.17±0.86a
W: 90±13.5%A W: 2.13±0.86a
LE: leaf extract; RE: root extract; W: water. Numbers are means±standard deviat
treatment).distilled water. The same was done with an aqueous solution of
the same pH of the extract.
2.2. Propagule origin and assay protocol
Fruits of L. sativa L. variety White Boston were obtained in
local markets. Seeds of Mimosa bimucronata (DC.) Kuntze and
Chorisia speciosa A. St.-Hil. were collected at Morro Santana
(UFRGS, Porto Alegre). All propagules were surface sterilized
with ethanol 70% (v/v) for 1 min and sodium hypochlorite
(NaClO) 2.5% (v/v) for 15 min. Seeds of M. bimucronata were
also exposed to sulfuric acid (H2SO4) 70% (v/v) for 2min to break
dormancy, followed by abundant washing in distilled water.
Petri dishes of 9 cm in diameter lined with filter paper (with
pores of 14 µm, density of 80 g/m and 205 µm of thickness,
moistened with 5 mL of solution or extract) were used in the
germination assays. For growth tests, seeds were germinated in
distilled water before being placed in extract or test solution
(24 h for lettuce, 72 h for the other species). Propagules and
plantlets were kept in growth chambers at 25 °C.
2.3. Extract experiments
Propagules and plantlets (each one considered here as an
individual) of three species were exposed to P. leiocarpa
leaves' aqueous extracts in Petri dishes: 20 individuals of C.
speciosa (woody species of Atlantic Forest, syntopic with P.
leiocarpa, typical of secondary successional stages (Lorenzi,
2002a)), 30 individuals of L. sativa (lettuce, model plant for
phytotoxicity studies), and 10 individuals of M. bimucronata
(pioneer woody shrub, present in several ecological formations
of southern Brazil (Lorenzi, 2002b), which can be found
growing near P. leiocarpa at forest borders. C. speciosa and M.
bimucronata individuals were also exposed to root extracts.
Plantlets of referred species had the following ages (days after
inhibition) when exposed to treatments: 14 days for C. speciosa;
3 days for L. sativa; 14 days for M. bimucronata. Three dishes
were used per treatment. Assays were repeated twice.
To verify if toxicity was maintained in a complex substrate,
propagules of C. speciosa andM. bimucronata were germinated
in 50 mL plastic recipients, full of soil collected in the forest,
under two distinct treatments: soil mixed with 2 g of powdered
dry leaves or only soil as a control. Six pots containing fivee (days) Hypocotyl length (mm) Root length (mm)
LE: 41.5±17.86α LE:26.9±12.5b
RE:48.3±14.4α RE: 40.3±6.57а
W: 45.7±8.2α W: 44.7±10.21а
LE: 2.6±0.36β LE: 18.1±5.21в
W: 3.9±0.41α W: 41.4±6.24а
LE:20.2±5.02β LE: 20.4±9.84а
RE: 21.5±5.4α RE: 28.9±12.31а
W: 24.9±5.73α W: 27.6±13.52а
ions. Same letters do not differ by t-test (P≤0.05), against the control (water
Fig. 1. Effect of P. leiocarpa treatments (with or without buried dry leaves) on
M. bimucronata and Chorisia speciosa germinated on soil. Parameters:
Germination percentage (A), Germination Mean Time (B). Equal letters do
not differ statistically (t-test, P≤0.05).
Fig. 2. Effect of extracts of P. brachyceras (BRAC), P. leiocarpa (LEIOC) and
P. umbellata (UMB) on L. sativa. Parameters: Germination percentage (A),
Germination Mean Time (B), Hypocotyl and root length (C). Equal letters do not
differ statistically (ANOVA followed by Duncan test and t-test for germination
mean time, P≤0.05).
Table 2
Quantity of total phenolics and flavonoids in mg/g of dry weight (DW) of
Psychotria leaves, detected in aqueous extracts quantification
Species Total phenolics (mg/g of DW) Flavonoids (mg/g of DW)
P. brachyceras 4.4795±0.0496B 3.5797±0.0581a
P. leiocarpa 6.1082±0.0141A 3.1484±0.0249b
P. umbellata 2.8737±0.0144C 2.2875±0.0425c
Comparisons are made among the values in the same columns. Numbers are
means ± standard deviations. Same letters do not differ by Tukey test (P≤0.05).
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and the assay was repeated twice. All pots were watered with
liquid 0.1 x MS salt medium (Murashige and Skoog, 1962) to
eliminate any possible nutritional interference of extract com-
pounds. Analyses were carried out as above.
Finally, to test if the phytotoxic capacity was present in other
members of the genus, L. sativa seeds and seedlings were ex-
posed to extracts of two otherPsychotria species: P. brachyceras
Müll.Arg. and P. umbellata Vell., all indole alkaloid producers
(Dillenburg and Porto, 1985). Voucher specimens are deposited
at the ICN herbarium of the Federal University of Rio Grande do
Sul (98866 and 118893, respectively).
2.4. Parameters evaluated and statistical analyses
After 7 days, the following parameters were evaluated: mean
germination time (all species), germination percentage (all
species), length of radicle and hypocotyl. Germination percen-
tage (calculated by dividing seeds in groups of five) and early
growth were analyzed by ANOVA and Duncan test. Contents of
phenolics and flavonoids were analyzed by ANOVA and Tukey
test. Non-parametric analyses (Welch ANOVA, complemented
by Dunnett-C test) were performed when necessary, as indicated
by variance homogeneity tests. Mean germination time was
evaluated by t-test and confidence intervals. For all tests,
probability level was at P≤0.05 (Sokal and Rohlf, 1981).
2.5. Extract characterization
Total phenolics were quantified using the Folin–Ciocalteu
method (Folin and Ciocalteu, 1927). Flavonoid contents weremeasured by Al complexation (Zhishen et al., 1999). To find out
if there were tannins in the extract, we added 50 mg of gelatin to
10 mL of extract and examined for precipitation (AOAC, 1965).
2.6. GPV phytotoxicity tests
Isolation and purification of GPV (the major leaf alkaloid in
P. leiocarpa) and its quantification in the aqueous extract by
Table 3
Comparison of relative quantities of alkaloids in leaves, phenolics and
flavonoids in aqueous extracts and phytotoxic effect of extracts
Species Alkaloids Total phenolics Flavonoids Phytotoxicity
P. brachyceras + + ++ +
P. leiocarpa ++ ++ ++ +++
P. umbellata ++ + + ++
The quantity of “+” shows the relative proportion of metabolite amounts or
phytotoxicity degree.
586 L.R. Corrêa et al. / South African Journal of Botany 74 (2008) 583–590HPLC (High Performance Liquid Chromatography) were
carried out as previously described (Henriques et al., 2004).
Assays of inhibition by GPVof germination and initial growth
of L. sativa were performed in light and in darkness (to preventFig. 3. Effect of several solvents' extracts of P. leiocarpa resuspended in water on L. s
(C). Equal letters do not differ statistically (ANOVA followed by Duncan test and tthe possibility of GPV photodegradation), as described above.
Concentrations of 0, 1 and 10 ppm GPV were used, dissolved in
methanol, with application and drying of 2 mL solution in filter
papers (with the same amount of solvent in the control).
2.7. Differential solvent extractions
Two grams of dried P. leiocarpa leaves were incubated for
24 h in the dark with 50 ml of the following solvents: water,
methanol 50%, methanol 99%, ethanol 96% and acetone 99%.
Liquid phases were filtered, collected, dried in rotatory
evaporator at 35 °C and resuspended in 50 ml water.
Sequential extractions were also performed. Two grams of
dried leaves were extracted as above, using the same residueativa germination percentage (A), mean germination time (B) and initial growth
-test for germination mean time, P≤0.05).
587L.R. Corrêa et al. / South African Journal of Botany 74 (2008) 583–590sequentially in water, methanol, ethanol and acetone (one day
each), andother sampleswere extracted in the opposite order. After
extraction, solvents were discarded. Last solvent fraction was
dried and resuspended in water for the bioassays. For these tests,
besidesL. sativa propagules, 3 day-oldL. sativa plantlets were also
used to better observe effects on the growth of shoots and roots.
3. Results
The values of water potential and pH of the 4% (w/v) leaf
extracts of P. leiocarpa were approximately 0.073 MPa (Mar-Fig. 4. Effect of sequential solvents' extracts of P. leiocarpa resuspended in water o
growth (C). Equal letters do not differ statistically (ANOVA followed by Duncan teaschin-Silva and Áqüila, 2006) and 5.5, respectively. Seeds and
plantlets ofA. thaliana and L. sativa that were incubated in a PEG
solution of 0.073 MPa and pH 5.5 did not show any difference in
germination or growth from the control in distilled water (data not
shown). Moreover, it has been shown that L. sativa seeds can
germinate at more negative water potentials and within a broader
pH range, from 3 to 7 (Baskin and Baskin, 1998).
Germination percentage of L. sativa and C. speciosa was
reduced when propagules were exposed to P. leiocarpa leaf
extract (Table 1). A significant delay was also observed for L.
sativa in the mean germination time upon extract exposure.n L. sativa germination percentage (A), mean germination time (B) and initial
st and t-test for germination mean time, P≤0.05).
588 L.R. Corrêa et al. / South African Journal of Botany 74 (2008) 583–590Initial growth of tested species was also affected by the leaf
extracts. In L. sativa both hypocotyls and roots had reduced
length, whereas C. speciosa had reduced root length and M.
bimucronata, reduced hypocotyl length (Table 1). Roots of all
three species displayed brownish necrotic spots in the presence
of leaf extract. Root extracts of P. leiocarpa had no significant
impact on any of the species tested, except for a reduction in the
mean germination time of C. speciosa.
In soil experiments, germination percentage of M. bimucro-
nata was lower when seeds were germinated with dried leaves,
whereas no significant difference was found for C. speciosa
(Fig. 1A). The mean germination time followed the same
pattern, being delayed only in M. bimucronata (Fig. 1B).
Extracts of all four Psychotria species inhibited germination
and growth of L. sativa, although distinct levels of inhibition
were observed (Fig. 2). In the overall analysis, P. leiocarpa and
P. umbellata showed the strongest effect, whereas P. brachy-
ceras yielded a less severe response.
P. leiocarpa leaf extracts had the highest content of total
phenolics. P. brachyceras had intermediate amounts of these
metabolites, whereas P. umbellata showed the lowest concen-
tration of phenolics (Table 2). P. brachyceras had the highest
amount of flavonoids in its extract, followed by P. leiocarpa
(Table 2); leaf extracts of both species were capable of in-
hibiting the growth of roots and shoots of L. sativa (Fig. 2C).
However, germination was only significantly inhibited by
extracts of P. umbellata (Fig. 2A). A comparison of relative
amounts of potential phytotoxic chemicals and relative in-
hibitory effect of extracts is shown in Table 3. Symbols are
proportional to the content of phenolics and flavonoids data
obtained in this work and data on relative content of alkaloids
were based on published reports (% Leaf DW: GPV 2.5%,
Brachycerin 0.02–0.05%, Psychollatine 1–4%) (Kerber et al.,
2001; Henriques et al., 2004; Lopes et al., 2004; Paranhos et al.,
2005). Gelatin added to the extract did not precipitate, and the
same happened when the extract was tested in a BSA pre-
cipitation assay (Diogo Denardi Porto, UFRGS, pers. comm.), a
more sensitive assay for tannins (Waterman and Mole, 1994).
Apparently, the phytotoxicity profile for growth inhibition was
better represented by the content of alkaloids (Table 3).
P. leiocarpa aqueous extracts contained approximately
1.019 ppm of GPV, as determined by HPLC. Using the purified
alkaloid, neither 1 nor 10 ppm of GPV had phytotoxic effects on
A. thaliana germination and L. sativa plantlet growth in the
dark or in the light (data not shown).
The overall analysis indicated that extracts of all solvents
were deleterious for L. sativa (Fig. 3), although effects de-
pended on the observed parameter. The least polar solvent
extracts (ethanol and acetone) caused stronger germination
inhibition (Fig. 3A), whereas methanol extracts yielded higher
growth reduction (Fig. 3C). Water extracts had the most
inhibitory overall effect. This general pattern was also observed
in the sequential extractions experiment (Fig. 4). Plantlets
exposed to the last extract of the acetone series (Acet–EtOH–
MeOH–H2O) had their leaves totally browned at the second day
of treatment, what was not observed with other plantlets under
any treatment or condition examined in this study.4. Discussion
P. leiocarpa aqueous extract showed an inhibitory effect on
tested species, considering all tested parameters. It is important
to consider that assays were carried out with 4% (w/v) aqueous
extracts; this concentration is lower than those used in other
published works for some other species (5% in Vandermast
et al., 2002; 2.5, 5 and 10% in Aminidehaghi et al., 2006). Co-
occurring species C. speciosa and M. bimucronata had their
growth diminished, with smaller germination indexes for the
former; however, only leaf extracts had deleterious effects.
Other species were previously tested in Petri plate assays: Ar-
abidopsis thaliana Heyhn, Oryza sativa L. and Quillaja
brasiliensis Mart., and all had inhibited growth (data not
shown). Root extract accelerated C. speciosa germination; it is
known that some organic compounds, when in small concen-
trations, may promote germination or growth (Rizvi and Rizvi,
1992). This reveals a possible broad range of natural effects,
taking into account that target species belong to several taxo-
nomic groups of angiosperms differing considerably from each
other.
Assays of germination and initial growth in Petri dishes are
often used to evaluate allelopathic potential (Chon et al., 2005;
Kato-Noguchi and Tanaka, 2003), but other levels of control are
desirable to have at least a reasonable indication of effects that
happen in a natural situation (Rice, 1984). Therefore, a test
using forest soil was performed to evaluate P. leiocarpa phy-
totoxicity in an environment with microbial flora of its natural
habitat. To minimize any nutritional side effect by leaf decom-
position, both treatments were irrigated with diluted MS mineral
nutrient solution, commonly used in tissue culture. Buried dry
leaves inhibited M. bimucronata germination, an effect not
observed with C. speciosa, possibly because of a higher resis-
tance of the latter species; nonetheless, a possible chemical
change in some compounds during the soil incubation process
can not be completely ruled out. Preliminary results from other
study indicated that water extracts from fresh and non-pul-
verized leaves were also phytotoxic (Gonçalves, G.L.G.,
UFRGS, unpublished results). Moreover, some variables
could be interfering with the system using soil, such as the
level of drainage and differential interactions of extract com-
pounds. A prior test with commercial top soil (to minimize
decomposition effects) had also shown diminished growth of L.
sativa plantlets by co-cultivation with P. leiocarpa dry leaves,
compared to a control (data not shown).
Psychotria species differ in ecological behavior; P. brachy-
ceras, for example, does not form dense groups as P. leiocarpa
(C. Gabriel, Universidade Federal de Santa Maria, UFSM, RS,
Brazil, pers. comm.). To find out if an allelopathic phenomenon
could play a role in this pattern, two other species of the same
genus were tested. P. leiocarpa and P. umbellata had the
strongest inhibitory effect, and both are reported as great
alkaloid accumulators (Henriques et al., 2004; Paranhos et al.,
2005). In an attempt to establish a relationship between groups
of secondary metabolite concentrations in leaves of Psychotria
and their phytotoxic effects, total phenolics and flavonoids,
which often represent known allelopathic compounds (Rice,
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quantified.
Although volatile terpenes are also frequently phytotoxic,
they are normally not found in Rubiaceae (Judd, 1999). Tannins
do not seem to be present, at least in detectable amounts, in P.
leiocarpa leaf aqueous extract. Indeed, the degree of L. sativa
developmental inhibition seemed to correlate better with Psy-
chotria species of higher alkaloid concentrations than with
those richer in total phenolics or flavonoids. Some phenolics
cause damage to roots similar to those observed in the present
study by inducing oxidative burst (Bais et al., 2003), and their
effects have been sensed in assays that incorporated organic
residues to the soil (Singh et al., 2005).
Several reports point that alkaloids from various classes may
act as potent allelopathic agents (Rice, 1984; Chou, 1999; Xuan
and Tsuzuki, 2004); however, our test with GPV resulted in no
inhibition of L. sativa development, apparently discarding a
phytotoxic effect for it.
As the relative amount of the chemical components quan-
tified did not show a clear correlation with the phytotoxic
strength of extracts, it seems clear that toxicity has a qualitative
component, that is, one or some substances of the same or
different metabolite groups must be involved in this property. In
an attempt to get more clues on the nature of the phytotoxic
agent(s), extractions with different organic solvents were per-
formed. Since the search is limited to metabolites that could be
present in an aqueous extract as final vehicle for re-suspension,
no very low polarity solvent, such as ether or chloroform were
employed. Aqueous extract was the most toxic and the intensity
of effects differed with the evaluated parameter. Methanolic
extracts had stronger effects on growth, but they did not in-
fluence germination to a significant extent. The opposite profile
was seen with extracts of less polar solvents, showing that more
than one substance, with different chemical properties, could be
involved in the phytotoxic response. This pattern was repeated
when sequential extracts were used. Growth inhibitory effects
of aqueous extracts of leaves already extracted with organic
solvents were stronger than those directly extracted in polar
solvents. Perhaps a potent polar allelopathic compound could
have been complexed with a substance that was removed by the
less polar solvent in a previous extraction. Alternatively, the
removal of non-active compounds could lead to an increase in
the concentration of active compounds in the final extract.
Despite the fact that these different solvents could be able to
wash a similar set of substances, their quantities would be
related to solvent affinity; chlorogenic acid, for example is
differentially soluble in methanol, ethanol and acetone (Luthria
and Mukhopadhyay, 2006). Therefore, if just one substance was
involved, there would be a direct relationship between all
phytotoxicity physiological parameters and the polarity of
solvents, which was not the case. The literature highlights
phenolic acids (such as gallic, chlorogenic, caffeic, protoca-
techuic and others), flavonoids (particularly the flavone rutin
and the flavonol quercitin) and stilbenes (resveratrol) as the
main water-extractable phenolic groups (Desotillo et al., 1994;
Yu et al., 2005; Jayaprakasha et al., 2006), whereas glycosides
seem to be more easily extracted with alcoholic solvents(Waterman and Mole, 1994). Acetone or aqueous acetone is
generally used to extract condensed tannins (Cork and
Krockenberger, 1991; Waterman and Mole, 1994), but it can
also dissolve molecules with higher affinity for ethanol or other
solvents, in a smaller quantity. However, even though we can
make inferences about the subgroups of phenolics possibly
involved in P. leiocarpa phytotoxicity, further details are
limited by the great variety of natural compounds in this class
(Waterman and Mole, 1994), and its subgroups, such as
flavonoids (Markham, 1982). Asperuloside and related iridoids
present in P. leiocarpa may also have contributed to the
phytotoxic effect observed; this type of iridoid has previously
been shown to act as allelopathic agent (Komai et al., 1986,
1990).
P. leiocarpa leaves possess phytotoxic compounds that
inhibited initial development of three tested species (two
syntopic ones), and dry buried leaves of the species diminished
M. bimucronata germination and L. sativa growth in soil. Phy-
totoxicity was also found in the other two Psychotria species
that were tested. Although Psychotria species produce physio-
logically active alkaloids, P. leiocarpa's major leaf alkaloid,
N,β-D-glucopyranosyl vincosamide (GPV), does not seem to be
involved in allelopathic effect; this role appears to be related to
other compounds, such as polar phenolics and iridoids. The
results indicate that allelopathy could be a factor contributing to
P. leiocarpa's ecological behaviour of forming high density
groups.
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